Olive leaf is reputed to have many beneficial health-related properties, often attributed to the iridoid glycoside oleuropein. In this work, the composition and antioxidant activity of oleuropein-rich olive leaf extracts prepared by ultrasonication were investigated. In addition, the influence of the extracts on Hep G2 cells subjected to glucose-induced oxidative stress was examined. The prepared extracts acted as antioxidants rich in oleuropein and other polyphenols. Among them, the extract prepared at 20C using 100% ethanol was the most effective radical scavenger, antioxidant and metal chelator. It also contained the largest amount of oleuropein and other phenolic constituents. The extract prepared at 20C using 70% ethanol, on the other hand, showed the best yield among the investigated extracts. Furthermore, it was able to preserve the cell-membrane integrity of Hep G2 cells subjected to glucose-induced oxidative stress, as well as to maintain intracellular concentration of glutathione and the activity of glutathione S-transferase on the levels comparable to those observed in non-stressed cells. The presented results demonstrate that oleuropein-rich olive leaf extracts can effectively ameliorate the consequences of glucose-induced oxidative stress in liver cells.
Diabetes is a chronic disease, characterized primarily by high blood sugar levels. Diabetic hyperglycemia has many deleterious consequences, including the activation of polyol and hexosamine pathways, advanced glycation end-products formation and mitochondrial dysfunction. The levels of endogenous antioxidants are typically reduced leading to the accumulation of reactive oxygen species (ROS) and, consequently, oxidative stress. This causes cellular damage and the development of diabetic complications, such as neuropathy, nephropathy, retinopathy [1] , as well as liver damage [2] . Natural phenols, widely present in food and medicinal plants, can exert numerous biological activities beneficial in states of oxidative stress. For example, they can directly react with ROS, inhibit pro-oxidant enzymes, promote the activity of sirtuins or increase the concentrations of important endogenous antioxidants, such as glutathione (GSH) [3] . As a result, they may protect cellular targets and, consequently, the tissues most susceptible to diabetic complications, such as kidney [4] or liver [2] .
Oleuropein is an iridoid glycoside displaying many effects potentially beneficial in diabetes, such as antioxidant, antiinflammatory, antiatherogenic, hypolipidemic and hypoglycemic activity [5] . In addition to that, oleuropein also shows antiproliferative [6] and immunomodulatory [7] properties. The most important source of oleuropein is olive leaf (Olea europeaea L., Oleaceae), which can contain up to 18% of this phenol [8] .
Other olive leaf phenols with beneficial health-related properties include hydroxytyrosol, oleoside, as well as apigenin and luteolin derivatives [9] . Olive leaf is often used as food supplement by individuals suffering from diabetes. However, even though the oxidative stress caused by diabetes frequently damages the liver, the influence of olive leaf on hepatic cells has not been thoroughly investigated. Therefore, the aim of this study was to prepare oleuropein-rich olive leaf extracts, as well as to investigate their antioxidant activity and their effects on glucose-induced oxidative stress in Hep G2 model of liver cells.
Variations in extraction conditions may have a profound influence on the composition and biological activity of natural extracts [10] . In this work, three olive leaf extracts were prepared. Phenolic compounds are usually soluble in relatively polar solvents such as ethanol, thus 20C and 100% ethanol (OE-20-100) were selected as the first set of extraction conditions. In order to estimate how the addition of water or increased temperature affects the yield and the chemical composition, the extract prepared at 20C using 70% ethanol (OE-20-70), and the extract prepared at 60C using 100% ethanol (OE-60-100), were also tested. The results are presented in Table 1 . [11] . HPLC chromatograms of the extracts (Figure 1 ) and the data presented in Table 1 reveal that oleuropein is the main phenolic component of the extract. It is present in relatively high amounts of up to 152 mg/g. In accordance with their (bio)chemical features, natural antioxidants display different activities in antioxidant assays. Therefore, using multiple antioxidant assays is generally recommended as an effective strategy for evaluation and comparison of antioxidant activity of natural products and plant extracts [12] . In this work three assays were used: DPPH radical scavenging activity (RSA), antioxidant activity in -carotene bleaching assay (AOA) and Fe 2+ ion chelating activity (ChA). Free radicals are suggested as one of the possible underlying causes of the progression of cardiovascular diseases in diabetes [13] . In this work, the prepared olive-leaf extracts demonstrated notable antiradical activity (Table 2 ). For example, OE-20-100 displayed the activity statistically equal to the activity of butylated hydroxyanisole (BHA), widely used food antioxidant. Furthermore, as evidenced in AOA assay, the extracts were able to significantly reduce the rate of β-carotene degradation in reaction solution with linoleic acid (Table 2 ). This indicates the inhibitory effects of the extracts on the lipid peroxidation [14] . OE-20-100 displayed the best activity among the extracts, although somewhat lower than the activity of BHA. In addition to the direct reaction of a substance with free radicals or other prooxidant species, antioxidants may also chelate prooxidant metals such as iron. This is especially important in the Fenton reaction, where hydroxyl radical production is directly related to the concentration of iron or other transition ions [15] . In this assay OE-20-100 was again the most active extract (Table 2) . However, in comparison with the standards, its activity was rather low.
Exposure of liver cells to high glucose concentration produces oxidative stress, as evidenced by altered morphology, increased ROS level, lipid peroxidation, protein carbonyl and 3-nitrotyrosine adduct formation in Hep G2 cells [16] . In this work, the potential protective effects of oleuropein-rich olive leaf extracts were investigated by examining Hep G2 cells membrane integrity in lactate dehydrogenase (LD) release assay ( Figure 2 ). Increased glucose concentration can lead to the oxidation and damage of cellmembrane components causing leakage of LD into the medium [17] . As a consequence, the medium surrounding the cells incubated in the solution with high glucose concentration (D) had statistically higher LD activity than the medium surrounding the cells incubated with the physiological glucose concentration (C). In this assay OE-20-70 showed an excellent activity. The LD concentration in cells incubated with this extracts was similar to the LD concentration observed in the control cells (C). In order to diminish the consequences of hyperglycemia-induced oxidative stress, human organism utilizes various endo-and exogenous antioxidants, including GSH, one of the most important cellular non-protein antioxidants. In the states of increased ROS production, such as diabetes, levels of GSH in cells may deplete thus further aggravating ROS accumulation [18] . In the performed assay the level of glutathione in glucose-treated (D) cells was significantly lower than in the non-treated cells (C) (Figure 3 ). Two olive leaf extracts, OE-60-100 and OE-20-70, significantly increased levels of glutathione in comparison with glucose-treated control (D). Glutathione S-transferases (GSTs) play a physiological role in the detoxication of potential alkylating agents, including endogenous lipid peroxides [19] . As shown in Figure 4 , high glucose concentration has caused a decrease of GST activity in cells (D) thus impairing their ability to detoxify the lipid peroxides formed in the hyperglycemic conditions. However, when hyperglycemic medium contained the olive-leaf extracts, GST activity remained equal to that observed in the untreated cells (C).
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Experimental

Materials and apparatus:
Commercially available olive leaf was a gift from Suban (Croatia). The voucher is deposited in the Department of Pharmacognosy, Faculty of Pharmacy and Biochemistry, University of Zagreb, Zagreb, Croatia. Extraction was performed in SONOREX ® Digital 10 P DK 156 BP (Bandelin, Germany) ultrasonic bath. Spectroscopic measurements were performed using Stat Fax 3200 microplate reader (Awareness Technologies, USA) and Cecil CE 7200 spectrophotometer (Aquarius, GB). Oleuropein was quantified using an HPLC instrument (Agilent 1200 series, Agilent Technologies, USA) equipped with an autosampler, DAD detector, Zorbax Eclipse XDB-C18 column (5 m, 250 mm × 4.6 mm, Agilent, USA) and Zorbax Eclipse XDB-C18 guard column. Oleuropein (98%) was purchased from Sigma-Aldrich (US). Methanol was HPLC grade. Other reagents and chemicals were of analytical grade.
Preparation of extracts:
Powdered (850 m mesh size) plant material (2 g) was suspended with 20 mL of the appropriate solvent (Table 1) in a 50 mL Erlenmeyer flask. The extraction was performed in an ultrasonic bath (720 W, 35 Hz) at the appropriate temperature (Table 1) . After 30 min, the contents of the flasks were centrifuged (30 min at 3400 rpm). The supernatant was collected and evaporated in a rotavapor at 30C. The yield was calculated as content of dry matter in 1 mL of the extract.
Spectrophotometric determination of total phenol content: TP was determined using modified Folin-Ciocalteu colorimetric method [20] , by mixing 80 L extract solution, 80 L of Folin-Ciocalteu reagent and 80 L of 10% sodium carbonate solution. After 1 hour absorbance at 630 nm was measured. TP was expressed as mg/g of dry weight from calibration curve recorded for gallic acid.
Spectrophotometric determination of total flavonoid content:
TF was assessed by chelation of aluminum chloride [21] . The extract (120 L) and 0.2% AlCl 3 (120 L) solution were mixed. After 1 hour absorbance at 205 nm was measured. TF was expressed as mg/g of dry weight from calibration curve recorded for quercetin.
HPLC analysis of oleuropein:
Oleuropein standard (0.2 mg/mL) and the extract (1 mg/mL) solutions were prepared in methanol and filtered through a 0.45 m PTFE syringe filter. Solutions of acetic acid (1%, v/v) in water and methanol were used as solvents A and B, respectively. Separation was performed at 25 C using following protocol: 0 min 15% B, 5 min 60% B, 12 min 80% B, 15 min 15% B. The flow rate was 1.0 mL/min. Chromatograms were recorded at 254 nm. Equation for determination of oleuropein concentration, calculated from calibration curve of oleuropein using regression analysis, was y = 782.6x + 5.2, where y is area under curve (arbitrary units) and x weight of oleuropein in the applied solution (g) (r² = 0.9992).
Radical scavenging activity: RSA was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical [22] . To the 70 l of the DPPH solution (0.21 mg/mL), 130 l of extract solution was added. After 30 min, absorbance was read at 545 nm. RSA was calculated according to the equation RSA = (A control A sample )/A control ×100, where A control is the absorbance of the control (DPPH solution without the extract) and A sample is the absorbance of the free radical solution containing extract. Concentration of the extract which scavenges 50% of free radicals present in the solution (RSA IC 50 ) was calculated. BHA and quercetin were used as standard antioxidants.
Antioxidant activity in -carotene-linoleic acid assay: AOA was evaluated using the β-carotene-linoleic acid system according to modified literature procedure [23] . Aliquots (200 L) of the emulsion containing β-carotene (6.7 g/mL), linoleic acid (0.7 mg/mL) and Tween 40 (6.7 mg/mL) were added either to methanol (50 L) (control) or to the solutions of the extract in methanol (50 L). The reaction mixture was incubated at 50 °C for 1 h. During that period, the absorbance (=450 nm) was measured at 15-minute intervals. The percent of antioxidant activity (AOA) was calculated using the equation AOA = (R control -R sample )/R control ×100, where R control and R sample are the average bleaching rates of the water control and antioxidant, respectively. Concentration of the extract which shows AOA = 50% (AOA IC 50 ) was calculated. BHA and quercetin were used as standard antioxidants.
Fe
2+ chelating activity: The chelating activity (ChA) of the extracts toward ferrous ions was studied as previously described in [23] . To an aliquot (150 L) of the extract methanolic solution, FeCl 2 solution (0.25 mM, 50 L) was added. After 5-min incubation, 1.0 mM ferrozine solution (100 L) was added. Absorbance at 545 nm was recorded after 10 min. A reaction mixture containing methanol instead of the extract solution served as a control. ChA was calculated using the equation ChA = (A control -A sample )/A control ×100, where A sample and A control are the absorbance of the reaction mixture with the extract or control, respectively. Concentration of the extract which chelates 50% of Fe 2+ ions present in the solution (ChA IC 50 ) was calculated. EDTA and quercetin were used as standard chelators. Lactate dehydrogenase activity: LD activity was measured spectrophotometrically using lactate as substrate [24] . At the end of the treatment, 200 L aliquots of culture medium were added to the LD assay system, and the absorbance at 340 nm was recorded.
Reduced glutathione content: GSH concentration was determined in Hep G2 cells lysate using a spectrophotometric assay, based on 2,2-dithiobisnitrobenzoic acid [25] . The production of a yellow colored 5-thio-2-nitrobenzoic acid was measured at 405 nm.
Glutathione S-transferase activity: The GST activity was determined by method of [19] . The absorbance was read at 340 nm following the formation of GSH conjugate with 1-chloro-2,4-dinitrobenzene (CDNB) at 30 C. The reaction mixture consisted of 1mM GSH and 1mM CDNB (dissolved in ethanol) in 50 mM Hepes (pH 7.4). The activity was calculated using an extinction coefficient of CDNB (9.6 mM -1 cm -1 ).
Statistical analysis:
With the exception of HPLC determinations, analyses were performed in triplicate. Results were expressed as mean ± S.D. IC 50 values were calculated using regression analysis.
Comparisons were performed using Prism 5 (Graph Pad, USA). ANOVA followed by Dunett or Tukey post test was used for comparison with control(s) or among extracts, respectively. Pvalues lower than 0.05 were considered to be statistically significant.
